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.•._,_ ,_CANOPY LOADS INVET_GAT!ON FOR THE Y6F-3 AIRPL_,;_D_

By _enn_e _. Cocke: .....J_., and E_R, _.Cz_ecki• ,,._"-'._"_-3 ;_,_._

_-_
_ In conjunction with a general investigation of the aerod3mamiO

• forces on cockplt.enclosures, surface static pressures have been

measured over both the outer and inner surfaces of the cockpit

canopies on the Grumman Y6F-3p Curtlse SB2C-_E_ and G_ FSF-I

airplanes in the Langley full-scale tunnel. This paper presents

a preliminary analysis of data obtained for the F6F-3 airplane.

•Plots are presented that show the distribution of pressure at

four lateral stations through the canopy for a range of conditions

selected to determ/ne the effects of varying canopy position, yaw_

llft coefficient, and power. The results indicate that the net

aerodynamic loads on the canopy are greatest when the airplane Is_

operating at high speed with the canopy closed, At all attltudes_
investigated the effect of opening the canopy is to reduce the. i_

_.. Internal-external pressure differential, therefore reducing %hei_

¢_explodlng forces. Asymmetrical loadln_ is shown for numerous _._A

conditions due to propeller operation and airplane yaw but is ,._-_

most extreme at positive yaw attitudes'w_th prop elleroPera_ingo_

C _.... _] _ _,.'-_,, , ,. ,..... .,

•- .... ._. IRTRODUCTION .- ,.............

_,_ The occurrence of canopy failures on Navy airplanes in flight

has indicated that present load requirement s used in the design of

canopies and their components my not be adequate. As the current

load requirements are based on wind-tunnel pressure distributions

obtained over a range of pitch and yaw attitudes with the canopy

closed and do not include accurate measurement of internal pressure

or the effects of canopy opening, it is desirable that these factors

be investigated and the critical load conditions more accurately
defined.

._- _ A_ & result, the Bureau of Aer0nautic_ Navy Department, has

requested the Langley Laboratory of 5he National Advleory Committee

for Aeronautics to conduct _ general' Investisa_ion to determine the
cr_%i_&l 'load,_,bqui_l_r,,_s_'_':_a_B--Of. ex__r_al_, i_t_ Fr6Hure

,. . • • . , •

.i_
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measurements on airplanes employln_ three representative types of

eanoples. The three types of canopies selected for the tests were

the conventional slr_le-sllding enclosure, conventional fron_ and
rear-slldlng enclosures, and the bubble-type enclosures whlch are

typified by the inst_lla_lon on the Gru_nan F6F-3, Curtlss _B20-_E,

and Grun_sn FSF-I airplanes, respectively_

As the first phase of this investigation, tests have been made
In _%he X_ey full-scale tunnel to determine external and InternaX

pressure distributions on the three types of canopies for an extensive

range of simulated, fli_h_ conditions with canopy, position varied from
elosed tO full open, This paper presents the results obtained wi_h

the cOnventlona_ slr_!e-slldir_Canopy 0n the F6F-3 airplane. '_

A77_I.AI_

The F6F-3 airplane is a sln_le-place low-wing fighter airplane

havl_ a wln_ span of _2 feet i0 inches, a wing area of 334 square fee%,

and a normal gross weight of iI,4_I pounds. The airplane Is

powere_ by a Pratt & Whitney R-_800 engine having an engine

propeller 'gear ra_lo of 2 to i. The e_Ine has a mllitary power

ratln_ of _000 horsepower at 2700 rpm at sea level. The e_in_

drives a 13-foot l-lnch-_lameter 3-blade Hamllton Standard propeller.
A three-vlew d_Vawlng giving the principal dimenslons of the a_rplane

Is shown in figure i, Figure _ shows the airplane mounted in the
full-scale tunnel. ••

The Cockpit enclosure on thisalrplane consists of a single

conventional rearward sliding canopy equipped with emergency

release mechanism, The canopy has no curvature In the side panels
and h_s approxl_tely constant cross section from front to rear.

The wlndshleld _airing ahead of the canopy Is rounde_ and intersects

the fuselage at_an ar_le of apP_oxlma_ely _5°, ' At the rear _e
canopy fairs tangent to the fuselage afterb0_y. Fi_e 3 shows "__

the generei canbpy arrangement, • "" : ', .... _

Surface static pressures over the oockpl_ canopy were measured

by means of flush-type _'Static oriflees Ins_lle_ _n nine _ongitu_
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on the inner surface of the canopy'at locations indicated in
J

ft6_Lre l_o

The external and internal pressures were measured wlth propeller

removed and with propeller operating and with the canopy set in

four positions: namely, closed, 3 inches open, i open, and full open6

The tests were made ,with the airplane set at angles of attack

corresponding to lift coefficients of 0.20, 0.52, 0.91, and 1.23
which were determined from force tests with propeller removed (fig. 5).

The tests with propeller removed indicated that the canopy pressures

were only slightly affected by large changes in lift coefficient.

It was believed, therefore, that any chan_es In llft 0oefficient due

to propeller operation would have little effect on the canopy pressures.
0onsequently, the values of angle of attack used during the tests with

:_ propeller removed were duplicated for the tests with propeller

operating. The specified values'of llft coefficient are for the

propeller-removed condition and hence the values given for the tests

•_ with the propeller operating are somewhat lower than those actually
obtained. ' ..-

WIEh the propeller removed the tests included measurements

at yawed attitudes of 0° and -7.5 ° for the two low lift conditions_

and at yaws of -1,5°, -7.5 o, and 0° for the high lift coefficients.

Tests were not made at the positive yaw attitudes with propeller

removed as the canopy is symmetrical and the pressures at positive

yaw should merely be in the opposite sense fro.m %hose measured at -

negative yaws. With the propeller operating the power-off test

procedure was repeated and was orpanded to include additional tests

for the same series of condltions throughout the positive yaw range.

Thrust coefficients Use_ in the tests to simulate constant military

power operation in flight for each of the respective lift _coefficients

were determined from a fligh_ curve of Tc s_ainst CL for sea-

level military power furnished by Crumman aircraft corporation

(fig. 5). Tunnel-operation conditions for obtaining the proper TO

and OL relationships for a constant airs_ee_ of 60 miles per hour

and sons.mr propeller 51ads lm_e of 260 (0,7_ raa_us) were obtains4
from a propeller oalibratloa, . ,- .: ,- ,..-_ . ,. :_ .

..--. -. .':'::-:.:,::,i_:___'__j,_:_/_.j/,:"-,.'..:,' .,--i."-'..,._.:_......' : ,: "
. _ . ,, .... :- - .'.' W'. _" : • . ' " " " ; .. \. -

. - , - - _', ,",_'," :- .- r'." - .__ .,, ,,. " .... ,,."_
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_ external pressure coefficient at four lateral statlong ,,_

• _ _A

through the canopy (fig. 4) for each •test Condition. Internal ,:_

static-pressure coefficients are also shown on the respective _.,|

figures for each test condition. For all cases where the inter_

• pressure Is uniform an average value is shown and for condltione ....
where the internalpressurevarled the pressure coeffl61ents at ,
the four points of measurement are shown indlvl_ually. Th_ ..' _._,_
variation of internal pressure coefflclent with yaw is showh'in _._- , _
figure 14 for the complete range of airplane attltu_es teete_l _,,_

with propeller operating and canopy closed. . . :. _, _. ' _,'a_

_" " _xternal Pressure Distribution "•:_.@

_: Zero yaw.- The results of tests maie w_th the airplane at -._ _

zero yaw are presented _n fi6ureB 6 and 7. These;results show _ :
" that with propeller removed (fig. 6) the lateral distribution :_/ _,

I

• of pressure coefficient is symmetrical and has a maximum variation

_ of approximately '0.25 from the sides to the ,top of the csnopy. "
_ The highest negative pressure coefficients Occur with the canop_r _

• closed or 3 inches open with maximum value of approximately 0.70_ _

t reached over the -top of the canopy. Neither the"peak pressure B _ _
nor the nature of the pressure distributions is appreciab-ly :_

_°"affected by varlation'of lift" coefficient.' _

: With the propeller Operating the test results show (fig. 7)_

that the magnitude.of the pressure coefficient and the symmetry _

Of distribution are appreciably affected at .thehigher thrust

_:conditione due to the increased local velocity an_ rotation of

,._ the slipstream. F0rcondltions with the propeller operatln_ at

.low thrust coefficients (figs. 7(a) and 7(e)) the power effects

.._::arequite small. High thrust conditions, however, as shown by _-_

figures 7(b), 7(c), and 7(d), produce asymmetry of pressure d/str_]_t_-

tlon which results in a net side-load component to the right with "
maximum pressure coefficients as high as -1.8 for the condition ......

_o_representing take-off'with m_ll_ary power (fig. 7(d)). AS seen ,_

'_:......from the test results (flg._ 7), openlng the canopy decreased -;_ _,
•_ v. _ the peak negative external pressure coefficient for any given _ =_

condition bY approximately 0,_0 but resulted in. increase_ pressure
asymmetry at the front of the canopy. _,_ ,.

_:J Considerlng the external-lnternal pressure differential "_?_--

" '(Pe - Pi),L -which is the basic parameter in determining net _,"ii'-;

_._ canopy exploding loads, the _est results show tha_ the greates_ _;_
_differen_lal pres_atre" bXlsts wlth the oapopy closed for all alrpla_e
c attltudes in#estlga_e_ a_ zero yaw. _icula_lons Ind/cs_e %ha_ _'_

the net loading for the hi6b-e_eed attltu_e represented in

figure 7(a) wlll be al_roxlmately _¢ub!e the loads encountere_

! .

LP. :' . -

. ,_'_
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in a military power take-off condltionas represented by figure 7(d},

Also, the loads encountered in a high-speed pull-_Ip are expected

to be approximately the same as those for the level-fllght ""_'

hlgh-speed condition, inasmuch as .the canopy pressures are no% :_

appreciably affected by increasing lift coefficient. ' -- : _'_' .... ' -

_Ive _aw.-Figures 8 to II present the results of tests
_ade with the airplane at negative yaw attitudes (right wing

advanced). The results cbtained with the propeller removed

(figs. 8 and 9) show that yaw produces asymmetry in the pressure
distributions with peak pressure coefficients reaching values as '_'
high as -i.i at a yaw sr_le of -15 °. The asylnetry is most ,_

pronounced at the front of the canopy although at the higher yaw
attitudes (figs. 9(a) ani 9(b)) appreciable asymmetry is in evlde_1@e

at all four prossure-measuremant stations. The propeller-r_moved
results also show that variation of llft ooeffiolent has only slight

effects on the asymmetry of pressure distribution and magnitude of

the peak negative pressures.

With the propeller operating (figs. i0 an_ ii) the results show

that the lateral asymmetry of pressure is appreciably reduced

Inasmuch as the slipstream rotation tends to counteract the angle

of flow over the canopy Induce& by negative yaw. At -7.5 ° yaw

attltu_e the slipstream effects at the higher thrust ccndltions

(figs. lO(c) and lO(d)) completely overcome the asymmetry due to' yaw.

At -15 ° yaw, however, the asy_netry due to yaw is never completely

overcome blthough approximately symmetrical loading condltions are
indicated for the high thrust condition (fig. If(b)). For all

negative yaw ccndltions the external pressure-coefficlents have the

greatest negative values with the canopy closed or 3 inches open but

show the greatest asymmetry of distribution with the canopy full ope_,
The test results indicate that the net canopy exploding force based

on external-internal pressure differential (Pe -Pi) will be greatest

with canopy @10sed for all negative yaw attitudes.

Positiv_e_yaw.-The results of tests made at positive yaw
attit_ (right-wing retarded) with propel_er operating are _presented

in figures i_ and 13,-These results show that at positive yaw atti_11de8

the effects of slipstream rotatlon and ya@ combine to cause very

pronounced asy_netry an_ high negativ6 peaks in the lateral pressure

distributions, As shown for negative yaw conditions the lateral

asymmetry of pressure is most pronounced at the front sections of t_e

canopy and the greatb'st_negative pressures o'ccur on these sections,

The pressure as_try iS simil_ to that shown at negative _w

attir_des _J_ _J_t _le location of_ section peak negative pressures v_

-.from front to rea_, In .gene_ for the_anopy-olosed ¢ond/tion, the

negative pr.ess'Ur,e _eerks ab the front of. the canopy (ete, tJ.m 1) ooeur ,

....-,.._,-._,,'__._..,.:_._': ,_r._'-_,_"_ ' .'_.,_.-_.._"':t...." "';'"- _/;', .'' ""

. ,-: -
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approximately over tube number 5 on the side near the retarded _ '_
wing, and for the rear statlons the peaks progressively shift .. _ ,
so that for station 4 the negative pressure peak is: approxim_telyl

over tube number 3 on the side near the advancing wing. _- ... :.;:_

.r,

The nature of the distribution of side forces on the canopy_, _....-: _

due to the pressure asymmetry will be similar to that discussed, ,:,._,..

for zero yaw conditions except that it is _more _extreme..Based. ,':--:.;..:=

on external-internal pressure differential (Pc -Pi), the result@ •

indicate that the net exploding forces will be greatest with

canopy closed throughout the positive yaw range. As noted at

zero and negative yaw attitudes, the effect of opening the canopy is _

to decrease She magnitude of the external .negative pressures and

increase theinternal negative_pressures. Calculations Ind/ca_e " "
that although maximum negative pressures as high as-3,0qo.._r@',: '..-" _'"

encountered in the worst conditions at 15 ° positive yaw (fi_:l_(_))_ _'.,"

the over-all net exploding force on the canopy should not exceeE

tha_ for the high-speed attitude wit_ zero yaw. " _ . "_. , - ""
. . •....... ._ .._ . ...;- ;:.-..." "

_r

' ' Internal-Stat_c Pressures .... " _:' '"

Static pressures measured at the inner surface of the canopy

are shown in conJunct_o.n_wlth _he external pr6ssure_dlstrlbutions '
presented in figures"6 to 13 fbr the complete range"•of test '•,..... ':" :"
conditions. In addition, figure i_ is presented to sunmarize the:'

variation of internal pressure coefficient with yaw angle for

all the tests made_Wi_h canopy ciosed andpropeller operating4." ._"
From the test"resultsIt is seen that the internai l_ressur_ has _':.:':'.:'".

a negative _alue throughout the range of cbnditions investigated. .... .... _
The least negative value of internal pressure coefficient meaSu_ei ,.

was -O.l_ for the high-speed attitude (CL, 0,20; Tc, 0.04)with

canopy c:losei:(fig. I_). The'effect of increasing lift coefficient . : i

with propeller operating _a_ thrustjc_0effio!_nts simula_i'_:'mii%tary '_ !'
power was.•tO decrease the internal pr@ssure Coefficient a@•shoWn _. i /!_ii_.

by flg_e'_l_,,. The effeCt 0f airplane .Yaw _also is toreduce slight!y' i_'.•

the _nternai pressures at the higher angles, of yaw when the thrust
coefficient 'is sm_ll and to a C0nsiderabi_ g_eater extent when_the' "_':

thrust coefficient is high, These results show that the variation '" /

of internalpressure coefficient is a direct reflection of the
external-pressure-fieldlvarlation aud.'the cockpit l_ak_e; t_ere.for%

any variable which Causes the externai pressures t@ become mor_ ..... ;"

negative has the same effect on the internal pressures, Likewise

partially opening the canopy increases the leakage at.ca and .allows

air to flow freely from the i_side O_ •.thecockpi_t _"i$_.e_s.u.rr"_d_.ng '"

lower pressure a_ea$ thus O_using %he fUrther,_educti0n in In_ternal-.

_ressllre shown for oanopy p0sitions from clo_e_ to' half Ope_
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For the canopy full-open position, however, this trend is reversed

and the internal pressure becomes less negative as air is Probably

flowing under the canopy for this condition. For all tests at

zero and negative yaw attitudesthe internal pressure is unlform

throughout the canopy. At the positive yaw attitudes with propeller

operating (figs. 12 and 13) and canopy open the internal pressures
become quite irregular due to the influence of the aeynnetricaX .3.

external pressure field land disturbed flow contritions. _

.. CONCLUDINGRm  KS
• _:_

The results of the investigation of pressure ddstrlbutlons _

on the conven_lonal slngle-place canopy of the Gr_mmmn F6F-3 "'_

_ airplane show that: /_

i, The net exploddng forces on the canopy will be greateS_ _J$

when the airplane is operating at hlgh speed with canopy closed-._'_

2. For all conditions the net canopy load will be in an

exploding direction. "

3. At all attitudes investigated, partially opening the
canopy reduces the external-lnternal pressure differential, _

thus reducing the net exploding loads. _

\ 4. Yawing the airplane Increases the maghltude of the peak ":_
negative pressure coefficients and results in an asy..netrlcal
lateral distribution of pressure which becomes more pronounced ;?

with increasing yaw.

_. The high axial velocities and rotation of the slipstream

• _:at hlgh thrust conditions also increase the magnitude of the

_ pressure coefficient and produce asymmetry in the distribution
of pressure. The effects of propeller operation are most pronounce@

_at positive yaw attitudes as the flow asymmetry due to clockwise

"slipstream rotation combines wlth the flow asymmetry due to positive

...............

6. Varying the lift coefficient has lit%le effect 011 etth_
.....the asymmetry or magnitude of the pressure co_i_iclents.: : _

'=Xaugley Memorial Aeronau%ic_ _ab0_&tory _....i ' ": _ ..... r " ' ": ]

_ "A ...... ' ,atlon_l AdVlsory CommXtteB'_or Aer6n_ut_es,",.:"_.,_d_ -',__
_":_ ':_:.;,"- .Xan_le_v_leld- Va. "_'__';:_;__,_'-_':r_'c,:_,_"_'_ _ _.':-;_:;_:_T__:,;_),_

)

. _ . ",

I

f .



!

"1

I

I



- . .... ":."

. . - ..

. -.:..

NACA RM No. L6L23a Fig. 2

O

!

!



1 ' _;

NACA RM No. L6L23a

n

Fig. 3
J

(a) Canopy closed.

......... Figure 3.,ill'Photographs showing the general arrangement of the F6F-3

, ....... i. .. " .L.2.!" i.',i!i_-)!i_;)_;-i:-_ii/:ill...II:-,..-,Y!'-cockpR canopy.

::_ ..: ._-__.- :_:._._:_-._i::_::_;_..'_.:_..._---:" . o- :. _ _ -_ L

- .-_-"___.-_-__?_._,_.ii_;_', ............. _<_._.,.__
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RIQk f _i, te _'.."- " Ae//.5/de
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NATIONAL _I,_Y
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R/9hI_/de_ , ze/,/J/Je
Cd(nop)"closed Conopj 3/riches open

Canopy one-half open Canopy :u/lopen
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Fig. 7e
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Fig. 9a NACA RM No. L6L2Sa
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